ABSTRACT
INTRODUCTION
There is a growing interest in the use of natural colorants for textile applications due to the strict environmental standards imposed by many countries in response to the toxic and allergic reactions associated with the use of synthetic colorants [1] . In general, natural colorants are highly compatible with environment due to their lower toxicity, antibacterial, anti allergic, deodorizing, and anti-cancer properties, as well as their novelty in the harmonization of natural shades [2] .
Nowadays, Indonesia imports a huge amount of synthetic colorants. In January 2015, Indonesia imported approximately 80.000 tons that costs US$ 280.574.107 [3] . Ironically, Indonesia has many natural colorant resources that have not been optimally explored [4] . It is therefore necessary to set strategies to reduce the use of synthetic colorants and to increase the use of natural colorants in Indonesia. One of the strategies is to substitute the synthetic colorants with the natural ones. This strategy will be successful when the natural colorants are available continuously in the market, easy to use, competitive in price, and high in quality.
Natural colorants for textile applications that have been known and used in Indonesia are extracted from tingi bark (Ceriops candolleanaarn), tegeran wood (Cudraina javanensis), jalawe fruit peel (Terminalia bellirica), merbau wood (Intsia bijuga), coconut coir (Cocos nucifera), as well as from Indigofera tinctoria [3] . Polar natural colorants can be easily extracted using water (water-based recovery) and directly used to color textiles. Water-based natural colorant solutions are usually cheap and easy to handle during extraction and during its applications. However, the organic natural compounds in water are prone to degradation caused by microbes. To prevent microbial growth and degradation of the natural colorants, antimicrobial compounds can be added to the solutions.
Some researchers have studied the effects of antimicrobial compounds in preventing degradation of natural colorants. Among them, Shahid et al.
[5] studied the use of antimicrobial compounds for textile, which are classified into inorganic, organic, and natural antimicrobial compounds. Inorganic antimicrobial compounds mainly refer to some metallic compounds including nano-sized metals and metal oxides like silver, copper and mercury. These compounds inhibit the activity of enzymes that are responsible for microbial metabolism. Organic antimicrobial compounds include citric acid, benzoic acid, and aldehyde compounds e.g. formaldehyde, while natural antimicrobial compounds are usually bioactive compounds found in plants and animals. Chitosan as an antimicrobial compound was used by Ghoranneviss et al. [6] and Kumar [7] . Ghoranneviss et al.
[5] also used poly biguanides, nhalamine, and triclosan, while Kumar [7] used tulsi leaf extract as antimicrobial compounds. Simoncic and Tomsic [8] reported that natural bioactive compounds having antimicrobial properties become increasingly important because they are safe in use and environment-friendly. Natural antimicrobial compounds extracted from plants contain phenolics and polyphenols such as simple phenols, phenolic acids, quinines, flavonoids, flavones, flavonols, tannins and coumarins, terpenoids, essential oils, alkaloids, lectins, polypeptides and polyacetylenes. These compounds, besides having antimicrobial properties, sometimes pose coloring properties. Lee et al. [9] investigated the fabrics that were colored with five kinds of natural colorants, namely peony, pomegranate, clove, coptis chinensis, and gallnut extracts. The authors stated that the application of natural colorants to the fabrics reduced the activity of Staphylococcus aureus up to 96.8%. These results demonstrate the antimicrobial properties of the natural colorants.
Rahayuningsih et al. [10] observed five different natural colorant extracts of Merbau wood (Intsia bijuga), Tegeran wood (Cudraina javanensis), Tingi bark (Ceriops candolleanaarn), jalawe fruit peel (Terminalia bellirica), and coconut coir (Cocos nucifera). It was observed that there was no microbial growth in the extract solutions of Merbau wood, Tegeran wood, and Tingi bark during storage for 5 (five) months. This observation is in a good agreement with the results published by Jansen et al. [11] , which reported that tannin from wood is classified into phenolic compounds that possess antimicrobial properties. Furthermore, Fengel [12] stated that tannin from merbau wood consists of polar polyphenol macromolecules. In the contrary, it was found that the extract solutions of jalawe fruit peel and coconut coir were prone to degradation during the storage, in which microbial growth was observed after storage for 1 (one) week.
The jalawe fruit peel contains glucoside, gallotannic acid, coloring matter, resins and a greenish yellow oil, ellagic acid, gallic acid, lignans (termilignan and taninlignan), 7-hydroxy 3'4' flavone and anolignan molecules [13] , while the coconut coir contains lignocellulose materials. Its constituents include cellulose, hemicelluloses, and extractives such as pectin and tannin [14] . Furthermore, both jalawe fruit peel and coconut coir contains glucose, fructose, and pectin that are suitable for the growth medium of microbes. It is therefore necessary to add suitable antimicrobial compounds to the extract solutions of jalawe and coconut coir to prolong the shelf-life of the natural colorant extract solutions.
In this study, solutions of formaldehyde in water, cinnamon extract in water, betel extract in water, and chitosan in acetic acid, were added to the jalawe fruit peel extract. Their antimicrobial activities were then evaluated. According to Oliveira [15] tannins contained in jalawe are condensed tannins. These condensed tannins cannot be hydrolyzed except in acidic conditions. Therefore the degradation of the natural colorant of jalawe is only caused by a biodegradation process.
Darkuni [16] reported that microbial growth is influenced by many factors in the environment. Physical parameters that influence microbial growth include temperature, pH, and osmotic pressure, while chemical parameters include water, carbon source, nitrogen, oxygen, minerals, and other growth factors. Aerobic microbial growth is an autocatalytic reaction, which in general can be expressed as follows [17] For certain values of μ0, Ks, kd and Yi, the concentration of the substrate and the cells can be determined by Equations (3), (4), (5), (6) , and (7), simultaneously solved using Runge-Kutta method [19] . The values of μ0, Ks, kd and Yi, were determined using curve fitting method between the experimental and the calculated concentrations of substrate, as well as between the experimental and the calculated concentrations of cells.
Once the μ0, Ks, kd and Yi values have been determined, the half-life of the substrate concentration can be calculated. Half-life is the amount of time required for the substrate concentration to fall to half of its initial value.
EXPERIMENTAL SECTION

Materials and Equipments
The materials used in this study are jalawe fruit peel extract (3 g colorant in 100 mL water}, formaldehyde (technical grade, C.V. Bratachem), chitosan (technical grade, C.V. Chemix), acetic acid (technical grade, C.V. Bratachem), cinnamons bark extract (7.6 g antimicrobial compound in 100 mL tap water), betel leaf extract (12 g antimicrobial compound in 100 mL tap water).
The experimental set-up is depicted in Fig 1. 
Procedure
The experiments were divided into two steps; First, selection of type and concentration of antimicrobial compounds, second, evaluation of the degradation rate and half-life of colorant compound.
Selection of type and concentration of antimicrobial compounds
Forty milliliters (40 mL) extract solution of jalawe fruit peel was added to a batch reactor, followed by addition of a certain amount of an antimicrobial compound. Various types and volumes of antimicrobial compounds added to the extract are shown in Table 1 . The reactor was covered with aluminum foil to avoid UV exposure to the solution. Their physical change was visually observed by observing the flock formation in the solution. At the end of the observation, the extract solution was used to color textile in order to test its performance. The test was conducted by comparing the color quality of the textile that was colored with the aged extract solution and that with the new extract. From the data shown in Table 1 , it was possible to calculate the final concentration of the antimicrobial compounds in the extract solution. Suitable types of antimicrobial compounds were chosen based on visual observation (flock formation and coloring quality). Then, suitable concentrations were determined based on the degradation rate of colorant upon addition of various volumes of the chosen antimicrobial compounds.
Evaluation of the degradation rates and half-life of colorant compounds
Once the most suitable types and concentrations of antimicrobial compounds for jalawe extract have been determined as described above, the degradation rate and half-life of the colorant compounds were evaluated. Three hundred mL (300 mL) jalawe extract solution was centrifuged to separate its solid from liquid. The liquid was then used in the experiment to determine the degradation rates and half-life time of colorant compounds. The experiments were conducted in a batch reactor. To evaluate the initial colorant concentration, 5 mL sample was taken and analyzed using a gravimetric method. Subsequently, 10 mL samples were taken at a certain period of time and centrifuged at 4000 rpm for 15 min to separate its flock from the mixture. Then, the amount of colorant in the solution and microbes as the flock was analyzed using a gravimetric method. Gravimetric method was done as follow, the sample was weighed before and after drying; the difference between the two masses could be determined the content of water or solids in the sample.
RESULT AND DISCUSSION
Selection of Type and Amount of Antimicrobial Compounds
The qualitative observation of the physical changes and the coloring quality of the extract solution of jalawe fruit peel, with addition of various antimicrobial compounds, after 7 days are summarized in Table 2 .
From Table 2 , it can be seen that the addition of formaldehyde and chitosan can inhibit the microbial growth. This fact was observed visually, i.e. no flock formation in the colorant extract, and good quality of colored textile after being colored with the aged colorant. Fig. 2(a) shows the colorant concentration in the extract solution of jalawe fruit peel without addition of antimicrobial compound. It shows that the colorant concentration steeply decreases after two days of aging. The decreasing rate of the colorant due to the microbial activity after two days is approximately 0.003 g colorant/(mL extract solution)(day) Fig. 2(b) shows the colorant concentration as a function of time upon addition of formaldehyde of various concentrations ((mL of formaldehyde/100 mL extract solution) x 100%). It is observed that after 2 days, the addition of formaldehyde of 0.015% can inhibit the growth of microbial better than the other concentrations. Fig. 2(c) plots the colorant concentration as a function of time upon addition of chitosan of various concentrations ((gram of chitosan/100 mL extract solution) x 100%). It is observed that addition of 0.125% chitosan in acetic acid results in the lowest rate of colorant decrease.
Evaluation of the Degradation Rate and Half-Life Time of Colorant Matter
The experimental results of both the colorant and the microbial concentrations in the jalawe extract solution as a function of time are presented in Fig. 3(a)  and 3(b) , respectively. Fig. 3(a) and 3(b) show that in the extract without antimicrobial compounds, the steep decrease of colorant concentration during 0-30 days corresponds to a steep increase of microbial concentration. This observed phenomenon indicates that the microbes consumed the substrate in order to grow. The microbial concentration then decreases slowly after 30 days, which indicates substrate depletion. Addition of antimicrobial compounds, either formaldehyde or chitosan, to the extract significantly slows down the decrease of colorant and the increase of microbial concentrations. Thus, the slight decreases of colorant concentration correspond to slight increases of microbial concentration. This phenomenon indicates that there is an activity of the antimicrobial compounds that inhibits the microbial growth, thus preventing the colorant from being consumed.
In Fig. 4 , 5, and 6 show the results of curve-fitting between the experimental and calculated data of colorant and microbial concentrations as a function of time. It is seen in Fig. 4(a) , 5(a), and 6(a) that the calculated data of colorant concentration satisfactorily fit the experimental ones. However, Fig. 4(b) , 5(b), and 6(b) demonstrate that the calculated data of microbial concentration do not satisfactorily fit the experimental data. The discrepancy may be caused by the four parameters, μ0, Ks, kd and Yi, that must be simultaneously evaluated by curve-fitting between the experimental data and calculated of colorant concentration; and between the experimental data and the calculated of microbial concentration. Another explanation could be that there were some other settled substances in addition to the microbes during centrifugation, which results in slight errors when determining the experimental microbial concentration.
The values of the parameters μ0, Ks, kd and Yi are chosen if the sum square error between the experimental data and the calculated of colorant concentrations; and the experimental data and the calculated of microbial concentrations are minimum. The calculated results of the parameters are shown in Table 3 .
Using the calculated values of μ0, Ks, kd and Yi, the half-life for each natural colorant sample could be Table 4 . Data shown in Table 4 demonstrate that the addition of 0.015% formaldehyde and 0.125% chitosan significantly increase the half-life of the natural colorant in jalawe extract up to 5.6 and 7.2 times, respectively. This means that the antimicrobial compounds could inhibit the microbial growth-rate in the extract and preserve the colorant from degradation.
CONCLUSION
Formaldehyde in water and chitosan in acetic acid can be utilized for the preservation of the natural colorant in extract solution of jalawe fruit peel. The effective concentrations of formaldehyde and chitosan in jalawe extract to inhibit the microbial growth are 0.015 and 0.125%, respectively. The result shows that rate of colorant degradation and the rate of microbial growth are represented with Monod model. The half-life values of the extracted colorant with addition of antimicrobial compounds chitosan and formaldehyde are 180 and 140 days, respectively. While the half-life of the extracted colorant without addition of any antimicrobial compounds is 25 days.
